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THE UNIVERSITY OF KENTUCKY SUPERFUND BASIC RESEACH PROGRAM: 
OVERVIEW AND EXAMPLES OF RESEARCH PROJECTS 
 
Bernhard Hennig, Leonidas Bachas and Lindell Ormsbee 
University of Kentucky, Lexington, KY 40536-0200 
 
Kentucky has some of the worst health statistics in the US, with a high incidence 
of age-related diseases (e.g., atherosclerosis, cancer, obesity, hypertension, diabetes, etc.) 
and poor dietary habits (high intake of processed foods rich in fat and low in fruits and 
vegetables).  Kentucky also has numerous Superfund sites, including sites contaminated 
with persistent organic pollutants such as polychlorinated biphenyls (PCBs), which could 
markedly contribute to the pathology of age-related diseases.  PCBs are polyhalogenated 
aromatic hydrocarbons that are persistent and widely dispersed in the environment.  The 
toxicity of PCBs and other chlorinated organics may be mediated by signal transduction 
following receptor binding, and the myriad effects that follow as part of the overall 
disease development.    
The diet is a major route of exposure to PCBs and other persistent organic 
pollutants.  Since these compounds are fat soluble, fatty foods usually contain higher 
levels of persistent organics, such as PCBs, than vegetable matter.  Once absorbed, PCBs 
distribute themselves to tissues, especially adipose, where they are in dynamic 
equilibrium with the blood.  Furthermore, nutrition also can dictate the cellular lipid 
milieu, oxidative stress and antioxidant status, and thus modulate mechanisms of 
cytotoxicity mediated by Superfund pollutants. 
PCBs have broad adverse effects and may contribute to the pathology of age-
related diseases, such as atherosclerosis, cancer, obesity, hypertension, diabetes, and 
neurological disorders and dementias.   Many of these diseases also can be classified as 
inflammatory diseases.  Evidence is increasing that PCBs and related pollutants exhibit 
toxicity and disease potential via oxidative stress-related mechanisms.  This is of 
particular interest since many common vascular diseases are believed to be initiated 
through imbalances of the body’s oxidative stress/antioxidant status.  The contribution of 
environmental toxins in these processes and the possibility that their initiation and/or 
progression of these could be manipulated by appropriate dietary interventions is of great 
public health potential.   
 In studies with cells in culture and with animals, PCBs have been shown to alter 
oxidative stress via multiple mechanisms, and biologic and toxic consequences of these 
changes are diminished antioxidant capacity, resulting in lipid peroxidation, modified 
proteins and DNA, and changes in cell signaling pathways.  These changes could be the 
cause for the adverse health effects of PCBs, including its potential in exacerbating age-
related diseases. 
 The paradigm of nutrition being able to modify Superfund chemical (e.g., PCB) 
toxicity is of interest to populations at risk, i.e., populations residing near Superfund sites 
or areas of contamination and populations with poor dietary habits.  In addition to novel 
environmental remediation technologies associated with nanoparticles, biosensors, etc., 
nutrition could be considered part of “biological remediation” by modulating the 
cytotoxiciy of Superfund toxicants and thus affecting related issues of health and disease.  
Proper nutrition counseling should be considered by health officials and the medical 
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community to reduce the overall risk for Superfund chemical toxicity and disease 
development.  Very little is known about the interaction of diets and cytotoxicity of 
environmental contaminants like PCBs.  Our data clearly show that nutrition can 
modulate PCB toxicity.  For example, specific dietary fatty acids can amplify PCB 
toxicity in vascular endothelial cells, an event which can be blocked by bioactive 
compounds with antioxidant activity, such as vitamin E and flavonoids.  More research is 
needed to confirm our observed interactions of PCB toxicity with nutritional 
interventions. 
 In addition to health-related concerns of Superfund toxins such as PCBs and other 
chlorinated organics, issues of remediation and detoxification are a major concern. The 
presence of chloro-organics (chloroethylenes to chloroaromatics) in various Superfund 
sites is well documented in the literature.  The problems range from groundwater to soil 
contamination. Many chlorinated organics are toxic even at low concentrations, and exert 
a cumulative, deleterious effect on the environment.  Thus, a major overall objective of 
the UK-SBRP is to develop particle (nanoparticles and nano-aggregates) immobilized 
oxidative and reductive platforms suitable for highly effective remediation strategies for 
selected chloro-organic detoxification. The fundamental understanding of these reactive 
systems is critical for sustainable use involving remediation.  Another major goal is to 
design and develop whole cell sensing systems for the determination of chlorocatechols 
and PCBs in the environment.  Optical and electrochemical biosensing systems will be 
developed for the detection of PCBs and their breakdown products found in hazardous 
waste sites.  These biosensing systems are based on the use of recombinant bacteria that 
incorporate the catabolic pathways of PCBs along with the expression of reporter genes. 
 In summary, the currently funded UK-SBRP integrates three biomedical projects 
that focus on critical age-related diseases, such as cardiovascular disease, brain cancer 
metastasis, and obesity/hypertension.  The biomedical projects are integrated with two 
non-biomedical projects which involve novel environmental biosensors, as well as 
remediation technologies associated with nanoparticles and free radical-based oxidative 
techniques.  All research projects are supported by five Cores: Administration, Research 
Support, Research Translation, Community Outreach, and Training.  The Research 
Translation Core is a critical centerpiece of the overall UK-SBRP, and this Core will 
integrate all projects as part of the overall SBRP by advancing academic and public 
knowledge on environmental risk factors and development and application of new 
technologies. 
 
(Supported by grants from NIEHS/NIH (P42ES07380) and the University of Kentucky 
AES) 
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REDUCTIVE DECHLORINATION OF TOXIC ORGANICS BY 
BIMETALLIC NANOPARTICLES IN POLYACRYLIC ACID (PAA) 
FUNCTIONALIZED MF MEMBRANES 
Jian Xu and Dibakar Bhattacharyya 
Department of Chemical & Materials Engineering 
University of Kentucky, Lexington, KY 40506  
Phone: 859-323-2976 Email: db@engr.uky.edu   
 
Chlorinated solvents such as trichloroethylene (TCE) and polychlorinated biphenyls 
(PCBs) are a group of high toxic organics in waste and underground water because of 
its past extensive use by industry and its resistance to biodegradation under natural 
subsurface conditions. The applications of zero-valent metals such as Zn or Fe in 
reductive degradation of chlorinated organics have been extensively studied. In this 
case, one Cl group is replaced by one hydrogen via transfer of the electron released 
from electrochemical corrosion of the zero-valent metal. Higher dechlorination rate 
can be obtained by using nanoscale metal particles due to the high surface area, high 
level of stepped surface and high surface energy. This dehalogenation process has 
been further enhanced by using nanoscale bimetallic particles (Fe/Ni or Fe/Pd). In the 
bimetallic system, Fe or Zn was considered as the reductant for water to generate 
hydrogen and the secondary metal Ni or Pd acts as a catalyst. In the presence of the 
secondary metal, contaminants were dehalogenated by catalytic hydrodechlorination 
rather than electron transfer, which can greatly increase the transformation rate as 
well as inhibit toxic intermediate products formation. Synthesis of bimetallic 
nanoparticles (Fe/Ni, Fe/Pd) in aqueous phase for dechlorination study has been 
reported in many literatures. However, in the absence of polymers or surfactants 
particle can easily aggregate into large particles with wide size distribution.  
 
In this study, nanosized Fe/Ni and Fe/Pd particles were synthesized in polyacrylic 
acid (PAA) functionalized polyvinylidene fluoride (PVDF) MF membranes. The 
advantage of using PAA functionalized membranes to immobilize nanoparticles is the 
reduction of particles loss, prevention of particles agglomeration, application of 
convective flow, and potential recapture of dissolved metal ions from solution. The 
PAA/PVDF membranes were prepared by a dip-coating process. The carboxylic 
groups in PAA layer bind ferrous ions from aqueous solution by ion exchange at 
controlled pH (5~6). Subsequent reduction with sodium borohydride forms metallic 
Fe nanoparticles. The core-shell Fe/Pd nanoparticles can be achieved by a partial 
displacement reaction on Fe surface. The membranes and Fe/Pd nanoparticles were 
characterized by several electron microscopy techniques: scanning electron 
microscopy (SEM), transmission electron microscopy (TEM), scanning transmission 
electron microscopy (STEM), energy-dispersive X-ray spectroscopy (EDS), and high-
resolution transmission electron microscopy (HRTEM). The reactive properties are 
dependent on the bimetallic nanoparticle structure and distribution of Fe and Pd at 
nano domain. A specimen-drift-free EDS mapping system was performed in STEM to 
determine the two-dimensional element distribution inside the membrane matrix at 
nano scale. The interfacial structure of Fe core and Pd shell are studied in detail using 
HRTEM. The reactive properties of Fe/Pd bimetallic nanoparticles in PAA/PVDF 
membrane were investigated toward the reductive dechlorination of 2,3,2’,5’-
tetrachlorobiphenyl (TeCB) at room temperature. 
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Fe/Pd nanoparticles synthesized in PAA/PVDF membrane domain shows a core/shell 
structure with Pd shell on the Fe cores. The average particle size is about 50nm 
(Figure 1). Complete destruction of TeCB (C0 = 12 mg L-1) by membrane-based 
Fe/Pd (Pd = 2 wt%) nanoparticles was achieved within 2 hours (Figure 2). Biphenyl 
was formed as the main product in the first hour and the only product after 2 hours. 
Chlorinated intermediates (trichlorobiphenyl, dichlorobiphenyl and chlorobiphenyl) 
which were observed in the first hour were also quantified. Reductive dechlorination 
of TeCB under convective flow mode and recapture of dissolved Fe2+ were also 
investigated in this paper. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
This research is supported by the NIEHS-SBRP program and by U.S. EPA – STAR 
Program. 
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Figure 2. Batch reaction of TeCB with nanoscale Fe/Pd (Pd 
= 2.5 wt%). Metal particle loading was 16 mg/20 mL. 
Figure 1.  TEM image of Fe/Pd (Pd = 2.5 wt %) 
nanoparticles in PAA/PVDF membrane cross-section 
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CHLORINATED ORGANIC COMPOUNDS DESTRUCTION BY MODIFIED 
FENTON REACTION INVOLVING IMMBOLIZED IRON-CHELATE 
 
YongChao Li1, Leonidas G. Bachas2 and Dibakar Bhattacharyya1. 
Department of Chemical & Materials Engineering1, and Department of Chemistry2, 
University of Kentucky, Lexington KY 40506-0046. 
Phone: 859-323-2976  
Email: db@engr.uky.edu 
 
Poly-chlorinated Biphenyls (PCB), and Trichlorophenol (TCP) present a big challenge for 
researchers in the area of environment and health because they are highly toxic for human 
being and animals and refractory for biodegradation. Reduction and oxidation are two 
effective techniques to destroy chlorinated organic contaminants in the wastewater and 
groundwater contamination. Fenton reaction, which produces free hydroxyl radicals by 
iron and H2O2, is an effective way to destroy organic pollutant and has been studied 
extensively. However, the low pH environment requirement and low H2O2 utilization limit 
its application for water remediation. Our research goals are: 1) to modify Fenton reaction 
by adding chelating agent into the reaction system to make it suitable for near neutral pH 
environment. 2) to understand the kinetic and mechanism of the chelate-based modified 
Fenton reaction. 3) to find out the role of the mono-chelate (such as citrate) and poly-
chelate (such as poly acrylic acid, PAA) in the free radical reaction. 4) to immobilize the 
iron to prevent  iron precipitation and control hydroxyl radical formation. Our experiments 
prove chelate-based modified Fenton reaction can prevent precipitation even in alkaline 
condition. Chelating agent can strongly combine with Fe2+ or Fe3+ to form stable metal-
chelate complexes in solution. This decreases the concentration of Fe2+ in the solution so 
that reactions can be carried for longer contact times. 
 
Experimental results (citrate was chelating agent) for 2,4,6-Trichlorophenol (TCP) showed 
that the TCP degradations were great than 99% after 4-hour and 24-hour reaction times at 
fixed pH 5 and 6 respectively. At the same time, the normalized chloride formations were 
85% and 88%.  Comparing to the mono-ligand, such as citric acid, a poly-ligand (PAA-
polyacrylic acid) can be used to immobilize the iron reactant within a suitable support to 
suppress the unwanted reactions in order to promote the catalytic nature of iron reaction. 
Polyvinylidene fluoride (PVDF) membrane was chosen as the support material because of 
its stability and easy handling. After acrylic acid polymerization inside the PVDF 
membrane, carboxylic groups of PAA can sequester iron (Fe2+/Fe3+) through ion exchange 
at neutral pH environment. In our experiments, 75.8% of Biphenyl (0.02 mM) was 
destroyed after 10 hr reaction time in the modified Fenton reaction (Fe: 2.8 mg; H2O2: 0.5 
mM). The authors would like to acknowledge NIEHS-SBRP for support of this research. 
Various analytical supports were provided by ERTL at the University of Kentucky. 
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Figure 1. TCP Destruction by modified Fenton Reaction at pH 5, 6, and 7 
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Figure 2. Biphenyl Destruction by Modified Fenton Reaction Involving Immobilized Iron-
Chelate 
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AN OUTREACH PROGRAM TRANSLATES BASIC RESEARCH FOR 
SUPERFUND COMMUNITIES TO IMPROVE HEALTH THROUGH 
NUTRITION  
 
Lisa Gaetke and Sandra Bastin 
Department of Nutrition and Food Science 
University of Kentucky 
218 Funkhouser Bldg 
Lexington, KY 40506-0054 
859-257-1031 
lgaetke@uky.edu 
 
 
  Since 2000, the University of Kentucky’s (UK’s) Community Outreach Program, 
now entitled Superfund Community Action through Nutrition (SCAN), has offered 
support and guidance to those affected by environmental contaminants by providing 
critical information on relevant nutrition and health-related issues. In support of UK’s 
Superfund Basic Research Program’s (SBRP’s) overall hypothesis that nutrition can 
modulate the toxicity of Superfund pollutants, this model demonstrates how a Nutrition 
Outreach Program facilitates two-way interactions between affected communities and 
UK’s SBRP, while controlling the quality of nutrition information provided to 
communities. SCAN works with community groups to establish trust by attending group 
meetings and listening to health concerns. Through SCAN, Superfund community groups 
at sites in both western and eastern Kentucky share concerns with UK’s SBRP to inform 
research efforts. Ongoing SBRP research progresses from cellular and animal studies 
through clinical trials to establish dietary recommendations. At this stage, SCAN 
provides nutrition information limited to established guidelines of government and 
medical programs. Caution is exercised to avoid using preliminary findings of SBRP 
before clinical trials have established their efficacy and safety. Further quality control 
requires nutrition counseling to affected individuals and community groups be done only 
by SCAN’s Registered Dietitians, exclusively licensed in Kentucky to educate and 
counsel people on nutrition. SCAN also includes UK’s Cooperative Extension Service, 
the ongoing mission of which is to translate University research to the public. The model 
encourages Outreach in full partnership with affected communities to identify areas of 
research for SBRP inquiry and to translate safe, effective nutrition information to support 
the needs of Superfund communities. Supported by NIEHS/NIH (ES 07380) 
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